We investigated the effect of diel variation in cell properties of picoplankton prey and the intrinsic grazing rhythm of heterotrophic nanoflagellates (HNF) on the diel periodicity of HNF grazing. To achieve this aim, 2-point dilution experiments with short incubation time were performed over 24 h in the South China Sea and Hong Kong (HK) coastal water to assess the prey cell properties and HNF grazing. Fluorescently labeled bacteria (FLB) were added for inference of the intrinsic diel rhythm of HNF feeding. Cell sizes of in situ prey at both study sites and the carbon to nitrogen molar ratio (C:N) of picoplankton prey in HK coastal water exhibited an increasing trend during the day, indicating cellular growth of prey during the period. Higher grazing rates on FLB during the day compared with night at both study sites suggested higher intrinsic HNF feeding during the day. Diel patterns of HNF grazing with increasing trend during the day and decreasing trend at night were observed for all in situ prey at both study sites. Statistical analysis suggests that both time of day and prey C:N could have significant effects on the diel variation of HNF feeding.
light and darkness and their diel periodicity in photosynthesis and cell division are well documented (Prézelin, 1992; Vaulot et al., 1995; Liu et al., 1997; Vaulot and Marie, 1999) . Because of the diel periodicity of various metabolic activities, diel variation of cellular properties, including carbon (C) to nitrogen (N) molar ratio (C:N) and cell size can be readily observed in phytoplankton. The diel variation of C:N, with increase of C:N during the day and decrease during the night, has been observed in various phytoplankton groups (Stramski and Reynolds, 1993; Clark et al., 2002; Jauzein et al., 2011) . The diel periodicity of phytoplankton C:N is due to the difference between the diel rhythms of algal C and N metabolism. While the exclusive photosynthetic C fixation during daytime leads to a strong diel variation of C metabolism, N assimilation is relatively stable through the diel period leading to an uncoupling of C and N assimilation in the diel cycle (Ng and Liu, 2015) .
While the diel periodicity of C:N in phytoplankton is mainly caused by the strong diel metabolism of C, the diel periodicity of cell size depends on two processes, namely cellular growth which causes increase in cell size, and cell division which causes decrease in cell size. Although cellular growth is mainly due to photosynthetic carbon fixation during daytime, the time of day of cell division is mainly controlled by the entrainable circadian cycle in phytoplankton and the time frame is unique across species (Prézelin, 1992) , strains and populations (Binder and DuRand, 2002) . Therefore, in contrast to the diel variation of cellular C:N, considerable variation is expected in the diel rhythm of cell size among species or populations of phytoplankton.
Another biological process that is potentially governed by the diel cycle is microzooplankton grazing, an important component of carbon flux in the microbial food web (Calbet and Landry, 2004) . Diel variation in microzooplankton grazing has been previously reported (Christoffersen, 1994; Liu et al., 1997; Dolan and Šimek, 1999; Binder and DuRand, 2002) and several mechanisms have been suggested for the patterns observed. It has been suggested that light can aid the digestion and hence ingestion of algal prey (Strom, 2001) . However, according to the theory, this mechanism of light-aided food digestion only applies to circumstances of saturated food concentration where digestion becomes the rate-limiting step of the prey consumption process. Besides, circadian rhythm in feeding and growth was evident in several species of heterotrophic protistan grazers including ciliates and dinoflagellates, with diel rhythm maintained in 24 h darkness after exposure to a diel light -dark cycle (Jakobsen and Strom, 2004) .
Besides the physiological factors of grazers, the diel variation of protist grazing is potentially induced by the diel periodicity in prey properties, such as C:N of phytoplankton prey. In the framework of stoichiometry, prey with a similar elemental ratio as the consumers would enhance the assimilation efficiency of the consumers, hence regarded as of high nutritional quality (Sterner and Elser, 2002) . However, herbivores including protistan grazers generally encounter prey with higher C:N than their own in the environment (Sterner and Elser, 2002) . Facing the stoichiometric imbalance in prey, grazers can adjust with physiological (Hessen, 1992) or behavioral responses. For example, feeding preference has been demonstrated in prey with contrasting food quality (C:N) in food mixture or mono-diet in various protistan grazers (Verity, 1991; John and Davidson, 2001; Siuda and Dam, 2010) . While the diel periodicity of C:N is commonly observed in phytoplankton, the diel variation of algal prey C:N potentially plays a role in influencing protistan grazing on the diel scale. Picoplanktonic cyanobacteria, mainly composed of Synechococcus (Syn) and Prochlorococcus (Proc), are important in terms of both biomass and contribution to primary production of the phytoplankton community in many marine ecosystems (Flombaum et al., 2013) . Clear diel periodicity of these groups has been observed in both lab cultures (Binder and Chisholm, 1995; Mary et al., 2008) and in the environment (Vaulot et al., 1995; Liu et al., 1997 Liu et al., , 1998 . Synchronized cell division was observed in both groups in the field, with the division of Syn typically observed in late afternoon and Proc dividing during the night (Binder and DuRand, 2002) . Similar to other phytoplankton, a diel periodicity of increase of cellular C during the day due to photosynthetic carbon fixation was observed in both picocyanobacteria (Stramski et al., 1995; Claustre et al., 2002) . Heterotrophic nanoflagellates (HNF) are the major consumers of picoplanktonic cyanobacteria as well as heterotrophic bacteria (Pernthaler, 2005) , and diel variation of nanoflagellate grazing has been reported (Christoffersen, 1994; Dolan and Šimek, 1999; Kuipers and Witte, 2000) . The objective of this study was to test the hypothesis that both prey C:N and intrinsic grazer rhythms cause diel variations in picoplankton grazing mortality. In addition to the two picoplanktonic cyanobacteria (Syn and Proc), heterotrophic bacteria (HBac) were also included in the present study as they are an important prey of nanoflagellates, though less pronounced diel variability was expected in this prey (Torréton and Dufour, 1996) .
M E T H O D
The first set of diel grazing experiments was conducted at stations A1 and A4 in the northern South China Sea (SCS) in autumn 2010 (Table I) . Surface water was collected with a plastic bucket and transferred into a 20 L polycarbonate (PC) carboy. To minimize damage to the delicate protists, transfers were made in a gentle manner so the sampled seawater flowed along the carboy inner wall to minimize bubbles forming during the process. The filled carboy was incubated in an on-deck incubator with the temperature controlled by running surface seawater. Exposure to sunlight was adjusted to ca. 50% of surface intensity by a neutral-density mesh screen. The carboy was incubated for 4 h before the start of the grazing experiments to reduce the effect of the disturbance from sampling on the grazers. The diel experiment at each station composed of a series of 2-point dilution experiments (Worden and Binder, 2003) at time intervals of 3 -4 h to assess diel variations in the growth of cyanobacteria and HBac and the HNF grazing on fluorescently labeled bacteria (FLB) and in situ prey. For each grazing experiment, diluent was prepared by filtering an appropriate volume of seawater from the carboy with a 0.2 mm capsule filter (Pall). Dilution treatments of 7% (7% treatment) and 100% (100% treatment) volume proportion of prescreened seawater (10 mm) were each prepared in a 1 L PC bottle. FLB were then added into each 1 L PC bottle at a targeted final concentration of 10 000 cells mL 21 followed by gentle mixing. A mixture of each dilution treatment was distributed into duplicates of 175 mL PC bottles to full capacity and incubated in running surface seawater for 3 -4 h. The FLB were prepared from Vibrio sp. stained with 5-([4,6-dichlorotriazh-2-yl]amino)-fluorescein (DTAF) following the procedure of Sherr et al. (Sherr et al., 1987) . All experimental apparatus for sampling and incubation were acid rinsed followed by thorough rinsing with deionized water before use.
The second set of diel grazing experiments was conducted with Hong Kong (HK) coastal water at Port Shelter ( Fig. 1 ) in summer 2014 (Table I ). In general, the procedures of the experimental setup were the same as in the first set of experiments. However, in addition to the 10 mm prescreened seawater, a parallel set of experiments was setup with seawater passing through a 5 mm PC membrane. In addition, triplicates instead of duplicates of 175 mL PC bottles were used and additional seawater was prepared for estimating the carbon and nitrogen contents of the picoplankton prey. Duplicate 1 L seawater was first filtered through GF/A filters (Whatman) to remove the predators and then filtered onto a precombusted (5508C) GF/F filter (Whatman) for the determination of particulate organic carbon and nitrogen concentrations. Samples were stored at 2808C until analysis with a CHN elemental analyzer (Perkin Elmer model 2400 CHNS). The CHN analysis was standardized with acetanilide.
For both study sites, samples for FCM analysis were taken at the beginning (triplicates from the 1 L bottle) and end (duplicates from each incubation bottle) of the experiments, fixed with paraformaldehyde (0.2% final concentration) and stored at 2808C (Vaulot et al., 1989) . Upon analysis, FCM samples were thawed and analyzed with a Becton-Dickinson FACSCalibur cytometer. Yellow -green fluorescent beads (1 mm, Polysciences) were added as an internal standard. Cytograms were analyzed with the software CellQuest (version 6.0, Becton-Dickinson). Syn was distinguished from Proc based on strong red (FL3) and orange (FL2) fluorescence and larger cell size as reflected by side scatter signal normalized with beads (SS 0 ). FLB was distinguished based on its unique combination of fluorescence and SS 0 which was predetermined in a pure FLB mixture. HBac were stained with SYBR Green I (final concentration 0.01%, Molecular Probes) prior to analysis and were identified by strong green fluorescence (FL1) (Gasol and del Giorgio, 2000) . The subpopulations of HBac with high DNA content (HDNA) were distinguished from those with low DNA content (LDNA) based on the higher FL1 signal in the former group (Gasol et al., 1999 ) (see Supplementary Data, Appendix).
For the enumeration of HNF, prescreened seawater samples were fixed with paraformaldehyde (0.2% final concentration). Aliquots of 15 -30 mL of preserved samples were filtered onto a 1 mm PC membrane and stained with 4 0 6-diamidino-2-phenylindole (DAPI) (final concentration 4 mg mL 21 ) (Lamy et al., 2009) . Each membrane was slide mounted and stored at 2208C until analysis. Nanoflagellates were examined with a BX41 Olympus epifluorescence microscope at a magnification of 1000Â under UV excitation. Nanoflagellates were identified as .1 mm cells with a bright blue nucleus with flagella. Pigmented nanoflagellates were distinguished from HNF by the observed autofluorescence of chlorophyll a under blue-light excitation and were ignored in the enumeration (Caron, 1983) . At least 30 random views were examined for each sample.
Growth and grazing loss rates of picoplankton and grazing loss rates of FLB were determined according to Worden and Binder (Worden and Binder, 2003) . Assuming exponential growth, apparent growth rates (k, h 21 ) of prey in each bottle were determined by the formula k ¼ ln(P t /P o )/t, where P o and P t are the initial and final prey abundances (cell mL 21 ), respectively, and t is the incubation duration (h). Grazing was assumed to be negligible in the 7% treatments so the apparent growth rates of prey were regarded as their growth rates (m, h The simplified two to three treatments modification of the dilution method (Landry and Hassett, 1982) has been proposed and applied based on practical and theoretical considerations (Gallegos, 1989; Worden and Binder, 2003; Landry et al., 2011; Lawerence and Menden-Deuer, 2012) . For example, a two-treatment setup including an undiluted and a moderately diluted ( 0.35 unfiltered seawater) treatment was applied to resolve the depth resolution of prey m and m (Brown et al., 1999; Landry et al., 2011) . Alternatively, the approach adopted by the present study, using the net growth rates of prey in highly diluted treatments as estimate of m, has been adopted in other studies (Worden and Binder, 2003; Lawerence and Menden-Deuer, 2012) . While this two-treatment approach does not identify possible nonlinear feeding responses (Gallegos, 1989; Moigis, 2006) , its reliability in estimating phytoplankton m and m was illustrated by Liu et al. (Liu et al., 2009) . In the present study, grazing was not detected on FLB in the 7% treatments (data not shown) which verified that the high dilution (0.07) has effectively diminished the grazing effect in the highly diluted treatments.
To evaluate the effects of the prey properties and the time of day on HNF grazing, grazing coefficients (i.e. m, CR and IR) of each prey type were analyzed as the dependent variables in mixed model ANOVA analyses. The data obtained was divided into two subsets, one from the experiments in SCS and another from those in HK coastal water. For the analysis of the SCS dataset, the fixed factors evaluated for grazing on FLB were the station (A1 or A4) and the time of day (day or night) (fitted in the same order as stated, the same in the text below). The fixed factors evaluated for grazing on the in situ prey in SCS were the station, prey abundance, prey SS 0 and the time of day. As for the analysis of the HK dataset, the fixed factors evaluated for grazing on FLB were the size fraction of seawater used for experimental setup (5 or 10 mm) and the time of day (day or night). The fixed factors evaluated for grazing on the in situ prey in HK coastal water were the size fraction of seawater, prey abundance, prey SS 0 and the time of day. To examine the effect of prey C:N on HNF grazing, an additional set of analysis was conducted with the HK dataset, with the size fraction of seawater, prey abundance, prey SS 0 and picoplankton C:N as fixed factors. The between-experiment variation was assigned as a random factor in each of the above model analysis and the assumptions of ANOVA were validated by examining the diagnostic plots of the residuals (Galwey, 2014) .
R E S U LT S Prey dynamics and prey cell properties
The environmental conditions of all study sites are summarized in Table I . The chlorophyll levels were distinct between the sampling stations in SCS although a similar proportion of small fraction (5 mm) chlorophyll was observed. In SCS, a moderate diel variation of abundances of HNF was observed at station A1 but the variation at station A4 was small (Fig. 1a and b) . Among the in situ prey at station A1, only Proc exhibited a clear diel trend in their abundances, with the abundances increased during the night and decreased during the day (Fig. 2b) ) during the sampling period. Diel variations of m were apparent in all prey types ( Fig. 2d -f ). For Syn, m remained near zero at night and low in the morning but increased to nearly 0.1 h 21 in the afternoon (Fig. 2d) . The diel growth patterns were similar in Proc and HBac, with m decreased from the maxima of 0.05 and 0.04 h
21
, respectively, at midnight to negative values in the morning and increased in the afternoon ( Fig. 2e and f ) . Comparing within the HBac community, m of HDNA were higher than LDNA through the diel cycle (Fig. 2f ). An increasing trend of SS 0 was observed during the day in all three prey types ( Fig. 2g -i) . While the SS 0 remained steady during the night in Syn and Proc ( Fig. 2g and h ), an additional decreasing trend was observed at night in HBac (Fig. 2i) .
As for the station A4, all prey types exhibited an apparent but different diel trend in their abundances, with the maxima of Syn and Proc abundances observed at the end of the sampling period at night but that of HBac was observed in late afternoon (Fig. 3a -c morning to their maxima near midnight ( Fig. 3e and f ) . All prey types exhibited similar diel trend in SS 0 with the maxima observed in late afternoon (Fig. 3g -i) .
In HK coastal water, the abundances of predator and prey were higher than in SCS (Figs 1, 2a, c, 3a, c and 4a,  b) . The abundances of HNF passing through 10 mm were slightly higher than those through 5 mm in most experiments but they shared the same diel trend (Fig. 1c) . As for the abundances of prey, those of Syn were observed to decrease during night and in the morning and increased in the latter half of the day (Fig. 4a) . The diel pattern of HBac abundances was not clear, though a small increase at night was observed (Fig. 4b) . Growth rates of Syn and HBac were similar in seawater passing through 5 and 10 mm (paired t-test, P ¼ 0.52 and 0.09 for Syn and HBac, respectively) ( Fig. 4c and d) . Similar to the diel pattern of m of Syn at SCS, those in HK coastal water remained near zero during night and increased abruptly during daytime, with the increase occurring earlier than at SCS (Figs 2d, 3d and 4c). As for HBac, m increased slowly during daytime and gradually decreased through the night period in both HDNA and LDNA, with m of HDNA higher than that of LDNA through the diel cycle (Fig. 4d) . Overall, SS 0 of both Syn and HBac were higher in HK coastal water than in SCS (Figs 2g, i, 3g, i and 4e, f) . A diel pattern of Syn SS 0 increasing during day and decreasing during night was also observed in HK coastal water but the extent of variation was much smaller than that observed in SCS (Figs 2g, 3g and 4e). A similar diel pattern of HBac SS 0 at SCS was observed in HK, with a gradual decreasing trend at night and increasing trend during day for both HDNA and LDNA (Fig. 4f) . In the experiments with HK coastal water, the abundances of Syn and HBac in seawater filtered through GF/A filters were 79.7 + 5.1% (mean + SD) (95% CI ¼ 74.7284.7%) and 100 + 15% (mean + SD) (95% CI ¼ 86.82113.2%), respectively, of those in 10 mm prescreened seawater. The C:N of particulate organic matter in seawater passing through GF/A filters and subsequently collected on GF/F filters (picoplankton C:N) varied between 5.78 and 8.04 in the diel cycle, exhibiting a diel pattern with an increasing trend during daytime and a decreasing trend during the night (Fig. 5) .
Diel pattern of HNF grazing
In general, similar diel trends were observed among the grazing coefficients (i.e. m, CR and IR) for each prey type in both SCS and HK study sites (Figs 6 -8) . At station A1 in SCS, the grazing coefficients on FLB increased from nearly zero at midnight to their maximum at noon (Fig. 6a-c) . The grazing coefficients on Syn and Proc shared the same diel pattern, with the values decreased during night to the minima near dawn and increased during the day (Fig. 6d-i) . The grazing coefficients on HBac also exhibited a decreasing trend during the night and an increasing trend during the day but with the minima observed in the morning (Fig. 6j -l) . As for station A4 in SCS, the grazing coefficients on FLB increased in the morning to their maximum at noon and decreased in the afternoon and night (Fig. 7a -c) . The grazing coefficients on Syn, Proc and HBac shared the same diel trend, with the values increased during daytime and decreased during the night (Fig. 7d -l) . From the analysis with the mixed model ANOVA, a significant effect of the sampling station on the grazing coefficients was observed for all prey types except LDNA (Table II) . A significant effect of the time of day on grazing coefficients was observed in FLB, Syn and HDNA (Table II) , with higher grazing coefficients during daytime on FLB and Syn but higher during the night on 
HDNA (Figs 6 and 7). Significant effect of prey SS
0 on all grazing coefficients was observed in Syn, HBac, HDNA and LDNA (Table II) , with the prey SS 0 and corresponding grazing coefficients exhibiting similar diel trends (Figs 2, 3, 6 and 7) .
As for the HK study site, the effect of size fraction of seawater for experimental setup on the grazing coefficients was only significant in HDNA (Table III) . Diel variation of the grazing coefficients was apparent for all prey types, with a diel pattern of values increasing during the day and decreasing during the night observed in Syn and HDNA (Fig. 8) . However, negative grazing coefficients were observed during most of the day in LDNA due to higher net growth rates in treatments with grazers than in control treatments (data not shown, see Discussion section). Effect of the time of day was significant for all grazing coefficients on FLB and CR and IR on Syn (Table III) , with higher values during the day than the night ( Fig. 8a -c, e and f ) . The effect of prey SS 0 was significant for all grazing coefficients on Syn and to m and CR on both HBac and HDNA (Table III) , with similar diel trends of the prey SS 0 and the corresponding grazing coefficients observed (Figs 4e, f and 8d-h). In the mixed model ANOVA analysis with the factor picoplankton C:N, the pattern of effects of the factors of size fraction of seawater, prey abundance and SS 0 on grazing coefficients on the in situ prey (data not shown) was similar to that from the analysis with the time of day ( Table III) . The effect of picoplankton C:N was significant for all grazing coefficients on Syn and CR on HBac (Table IV and Fig. 9 ).
D I S C U S S I O N
HNF are regarded as the major grazers consuming picophytoplankton as well as bacterioplankton (Pernthaler, 2005) . Those smaller than 5 mm have often been reported to dominate in abundance and to account for the majority of bacterivory of the whole community (Unrein et al., 2007; Tsai et al., 2011) , which agrees with the similar HNF abundances in 5 and 10 mm filtered seawater in the experiments in HK coastal water in the present study. Although some studies have suggested substantial grazing impact on picoplankton by pigmented nanoflagellates (PNF) due to the seasonally high abundances of PNF, it was reported that individual feeding rates of HNF are substantially higher than those of PNF (Christaki et al., 1999; Unrein et al., 2007) . While regarding the HNF as the only grazers in the rate calculations would result in a possible overestimation, we regard the clearance and ingestion rates obtained in the present study as conservative estimates that demonstrate the true diel pattern of the HNF grazing. Though the maximum clearance and ingestion rates are apparently high, they were within the range reported in the literature (Fenchel, 1982; Sherr et al., 1991; Sato et al., 2007) . 
Influence of prey cell properties on nanoflagellate grazing
The diel patterns with an increasing trend during daytime in the C:N of picoplankton in HK coastal water and the cell sizes of picocyanobacteria at both study sites suggested cellular growth of the picocyanobacterial prey during the day driven by carbon fixation through photosynthesis. The diel variations of both C:N and size of the prey would potentially affect HNF grazing in addition to the intrinsic feeding behavior of the grazers in the diel cycle. A general pattern observed in the diel variation of HNF grazing on Syn and Proc in the present study is that the grazing coefficients increased through daytime and decreased during the night, which mimicked the diel pattern of C:N of picoplankton. The observed diel grazing pattern suggested a compensatory feeding response of HNF, in which feeding increases on prey with low food quality. From the stoichiometric point of view, primary consumers generally experience a nutritional imbalance in their phytoplankton prey because of the inherently different elemental ratios between grazers and primary producers. In general, grazers possess lower C:N ratio than the Redfield ratio of 106 C:16 N in phytoplankton. Hence, phytoplankton prey with lower C:N which increase the assimilation efficiency of grazers are regarded as of higher nutritional quality (Sterner and Elser, 2002) . Coping with the stoichiometric imbalance in diet, grazers can respond by changing their feeding behavior. Although agreement was found in studies on the preferential feeding of protists toward prey of higher nutritional quality, either in terms of possessing lower C:N or supporting a higher yield of predators, in food mixture (Verity, 1991; John and Davidson, 2001; Thurman et al., 2010) , inconsistent results have been reported in studies providing prey of contrasting food qualities separately to the protistan grazers. While higher ingestion rates on low C:N prey than on high C:N prey have been previously reported in flagellate grazers (John and Davidson, 2001; Shannon et al., 2007) , an opposite trend of higher protistan ingestion rates on high C:N prey seems to be emerging in more recent studies (Grover and Chrzanowski, 2009; Siuda and Dam, 2010; Chrzanowski and Foster, 2014 ). For example, higher feeding rates on prey of lower food quality (higher C:N) in the ciliate Strombidinopsis sp. separately provided with N-limited (C:N ¼ 10.3) and N-replete (C:N ¼ 7.4) the diatom Thalassiosira weissflogii (Siuda and Dam, 2010) , and in nanoflagellates provided with different C:N bacterial prey (Grover and Chrzanowski, 2009 ) have been observed. Comparing to protistan grazers, the phenomenon of high ingestion rates on prey of low nutritional quality (high C:N or C:P) in mono-diets has been well established in mesozooplankton (Hillebrand et al., 2009) . Compensatory feeding, where higher food consumption compensates for low food quality to satisfy the elemental content demand of grazers, has been commonly attributed to the above observed feeding response (Augustin and Boersma, 2006; Siuda and Dam, 2010) . For example, it was observed that when the copepod Acartia tonsa was separately provided with N-replete and N-limited diatom T. weissflogii (7.4 versus 10.3 C:N), the ingestion of N-limited prey was more intense to the extent that N ingestion was similar in the two treatments (Siuda and Dam, 2010) . We suggest the higher HNF grazing rates on the higher C:N picocyanobacterial prey in the diel cycle were due to the compensatory feeding response.
It is noteworthy that higher grazing rates of HNF on smaller nondividing cells of Syn over a diel cycle have been observed in the field, especially in coastal waters (Dolan and Šimek, 1999; Tsai et al., 2005) . Although HNF generally exhibit increased clearance rates on larger bacterial prey (González, 1996) , the size selection was not apparent in very large bacteria (Šimek and Chrzanowski, 1992) . Furthermore, it was found that the HNF clearance rates decreased abruptly when the prey volume exceeded 0.6-1.2 mm 3 , depending on the species (Jürgens and Güde, 1994) . In the field study by Dolan and Šimek (Dolan and Šimek, 1999 ) the cell volume of dividing Syn was estimated to be in the range of 1.5-2 mm 3 comparing to around 1 mm 3 for nondividing cells. Hence, the larger dividing cells were suggested to enter a large size refuge causing lower consumption by HNF (Dolan and Šimek, 1999) . The absence of such a 'size refuge' of the larger dividing cells at SCS in the present study was probably due to the small size of Syn in the region. The Syn SS 0 in SCS in the present study matches well with those in a recent study on the size of picophytoplankton in the China Seas . Roughly estimating cell sizes with an empirical equation converting SS 0 to equivalent spherical diameters (ESD) from the above study , the FCM results from the present study gives a diel range of ESD of 0.73-1.01 mm for Syn in SCS which is probably below the size threshold of the previously reported large size refuge for ,5 mm HNF assemblage (Jürgens and Güde, 1994) . As for the experiments in HK coastal water, the diel Syn size probably imposed a minor effect on the diel variation of HNF grazing on Syn, given the small variation of Syn SS 0 . Comparing to the picocyanobacterial prey, the diel variation of prey size probably played a stronger role in affecting the diel rhythm of HNF consumption of HBac. Higher grazing rates of protistan or HNF grazers on larger dividing bacterioplankton prey on a diel scale were also observed or suggested in previous studies (Sherr et al., 1992; Tsai et al., 2005) . Nevertheless, we hypothesize that a diel variation of prey C:N could have also played a role in the diel rhythmic HNF grazing on HBac, provided with the similar diel patterns of HBac SS 0 to those of the picocyanobacterial prey and the positive relationship between the picoplankton C:N and clearance rates on HBac in HK coastal water. Bacterioplankton are potentially subject to the rhythmic availability of nutrient supply mainly from dissolved organic matter from photosynthetic release in marine ecosystems (Fuhrman et al., 1985; Gasol et al., 1998) . Hence, the diel pattern of bacterial cellular growth at higher rates during daytime has often been observed in the field Tsai et al., 2005) . While the photosynthetic release from phytoplankton mainly increases the supply of DOC for bacterial growth during day (Gasol et al., 1998; , it brings about the possibility of a diel variation of the nature of nutrient limitation for bacterioplankton. For example, in a field study in the subtropical oligotrophic region where a diel pattern of increase of bacterial cell volume mainly during daytime was also observed, bio-assays of nutrient amendment treatments revealed that the bacteria were under C limitation during night but were limited by N and P during day . Furthermore, the same study has demonstrated a high elasticity of the bacterial elemental ratios in response to the nutrient supply, i.e. with high C:N and C:P under N þ P limitation and low C:N and C:P under C limitation. Hence, we hypothesize that a similar diel pattern of C:N with trends of an increase during daytime and a decrease during the night in the picocyanobacteria also exists in bacteria. Furthermore, we hypothesize that the presumed diel variation of prey C:N could also play a role in the diel rhythmic HNF grazing on bacteria in a similar manner as that for picocyanobacteria.
When comparing between HDNA and LDNA in the bacterioplankton community, higher HNF grazing on ), normalized side scatter signal from flow cytometric analysis (SS 0 ). F indicates F 1,3 and F 1,24 and F 1,22 values for the factor diurnal for all prey types, the factor fraction for FLB, and the factors fraction, abund and SS 0 for the in situ prey types, respectively. * P , 0.05; **P , 0.01. the former throughout the diel cycle can be observed, which could be attributed to their larger cell size. It has also been reported in numerous studies that the larger HDNA exhibited higher metabolic rates as well as higher growth and grazing mortality, playing a more active role in the biogeochemical cycle than LDNA (Lebaron et al., 2002; Morán et al., 2007) . Nevertheless, some studies showed the two subpopulations could be of distinct phylotypes or possess different ecological niches (Longnecker et al., 2005; Scharek and Latasa, 2007) . In the experiments in HK coastal water in the present study, the negative grazing rates on LDNA indicated possible enhanced growth of LDNA in the experimental treatments compared with the control, treatments suggesting a specific growth enhancement of the group by excretion from protist grazing (Selph et al., 2003) . Meanwhile, the absence of apparent growth enhancement in LDNA in SCS probably indicated phylogenetic difference of the populations or different environmental constraints at the two study sites.
Intrinsic diel grazing
Intrinsic diel variation of HNF grazing as inferred by the grazing on FLB showed higher HNF grazing during daytime than at night in both SCS and HK coastal water. Evidence of higher intrinsic grazing during daytime has also been reported in previous studies. For instance, Liu et al. (Liu et al., 1995) have found higher HNF grazing on FLB during the dawn-to-dusk period than in 24 h incubation, although the abundances of grazers (i.e. HNF) were not determined, leaving an uncertainty of whether the diel grazing was caused by a diel variation of grazing activity or grazer abundance. In addition, higher clearance rates of marine HNF during daytime were found with analogous prey including fluorescently labeled Syn (Christoffersen, 1994) and genetically labeled minicells (Wikner et al., 1990) . As prey analogs without diel variation in their properties were used in the above studies, these results suggest an intrinsic higher grazing activity of the grazers during daytime, without the consideration of prey properties. It has been suggested that light can aid grazing and growth in protist by enhancing digestion of prey (Strom, 2001) . While in theory this mechanism only applies under food saturated conditions, it is of higher relevance in the experiments in HK coastal water. Another likely explanation is the circadian cycle in the feeding activities in grazers. Jakobsen and Strom (Jakobsen and Strom, 2004) have demonstrated that many protistan grazers including heterotrophic dinoflagellates and ciliates showed a higher circadian grazing during daytime, where the distinctive diel grazing behavior was retained in 24 h of darkness after previous exposure to light -dark cycle. While the effect of the presumable intrinsic diel rhythm of HNF feeding was evident in Syn prey in both SCS and HK study sites, it was not observed in other in situ prey at both study sites.
In particular, the opposite diel trend of higher HNF feeding on HDNA during the night than the day at the SCS sites with the coincident strong effects of prey abundance and cell size on feeding on the prey has highlighted a masking effect of the influence of prey properties over the intrinsic rhythm in HNF feeding on the diel variation of HNF grazing.
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